Take-home message: In an ICU cohort of patients with cervical necrotizing fasciitis, a CT scan on admission revealed severe cervical and mediastinal complications in half of the patients. Those complications might be avoidable as they were associated, at least partially, with prehospital oral glucocorticoids intake.
Abstract Purpose: Cervical necrotizing fasciitis (CNF) is a severe and debilitating disease that requires intensive care unit (ICU) management and prompt surgical treatment to reduce morbidity and mortality. The aim of this study was to estimate the incidence and factors associated with severe complications of CNF. Methods: We reviewed the medical records of consecutive patients hospitalized in an ICU from 2007 to 2012. The data were collected retrospectively; initial cervical and thoracic computed tomography (CT) scans, performed on admission, were reviewed by an experienced and blinded radiologist to determine CNF complications. Results: A cohort of 160 patients admitted for CNF was included. The following complications of CNF were found: bilateral extension of CNF (28 %), internal jugular vein thrombosis (21 %), descending necrotic effusion (14 %), mediastinitis (24 %), and mortality (4 %); 53 % had at least one complication, and 48 % had at least one cervical complication. On the basis of a univariate analysis, the significant independent factors are odynophagia, dyspnea, oral glucocorticoids intake before admission, and pharyngeal source. Oral nonsteroidal anti-inflammatory drug intake before admission does not have any impact. The initial CNF complications increased both the duration of mechanical ventilation and the length of stay in the ICU. On the basis of a multivariate analysis, the independent factors for severe complications are pharyngeal CNF and oral glucocorticoid intake before admission. Conclusions: Our study demonstrated that an initial cervico-thoracic CT scan revealed a high incidence of cervical and mediastinal CNF complications that all needed immediate management. Those severe complications might be avoidable as they were associated, at least partially, with prehospital oral glucocorticoid intake.
Introduction
Cervical necrotizing fasciitis (CNF) is a severe and debilitating disease, and its initial cause is often an infection of the ear, nose, and throat (ENT) space (e.g., sore throat, tonsillar phlegmon, or dental abscess). CNF is a rare complication of a frequent disease, and only a few centers have sufficient experience in this pathology to provide quick and appropriate treatment. At our ICU, we acquired substantial expertise in the management of severe CNF because our hospital hosts the only 24/7 ENT service in an area that includes more than 10 million inhabitants [1] .
To date, the management severe CNF is challenging because of the absence of guidelines. Furthermore, the diagnosis of CNF is usually made several days after the onset of the ENT disease and when oral medication [glucocorticosteroids, antibiotics, and nonsteroidal antiinflammatory drug (NSAID)] is already being administered. In particular, glucocorticosteroids and NSAIDs may either mask the symptoms (anti-inflammatory) or exacerbate the CNF (immunosuppressive). Furthermore, the use of glucocorticosteroids was shown to increase the risk of mediastinitis in patients with CNF [1] . Because severe CNF is a potential severe disease for patients (mediastinitis, asphyxiation), it is thus imperative that its diagnosis be made without delay. Our team has already published on this issue, but on cohorts prior to 2006 [1, 2] . The first study demonstrated that severe CNF is a medical and surgical emergency that requires a multidisciplinary team of specialists [2] . We further showed that the production of gas by infecting organisms, pharyngeal origin, and oral glucocorticoid intake were independently associated with the occurrence of mediastinitis [1] .
Computed tomography (CT) scanning is an essential tool for the diagnosis [3] and for therapeutic guidance [4] in various acute diseases. These include severe blunt polytrauma [5] , diagnosis of subarachnoid hemorrhage [6] , and pancreatic necrosis [7] , where CT scanning performed immediately at admission helps guide the medical and surgical management. Cervical CT scanning is part of the standard of care for the diagnosis and management of CNF [3, 8] . However, we previously showed that CNFinduced mediastinitis is a common complication of CNF [1] , making the use of cervico-thoracic CT scans mandatory. Paradoxically, although cervical CT scanning is part of the standard of care for the management of CNF, the incidence of severe cervical complications, such as bilateral extension of CNF, descending necrotic effusion, or jugular vein thrombosis, has not been documented.
The aim of the study was to assess the incidence and factors, including CT scan results and medication at admission, that are associated with early severe CNF complications.
Methods

Patients
The present study analyzed data from 160 consecutive ICU patients referred to the reference center for management of CNF in Paris and the surrounding area between 2007 and 2012. In most cases, CNF patients were referred from other emergency departments (ED) in which they often stayed only a couple of hours. The study was a collaborative work of the Departments of Radiology, ENT, Anesthesia and Critical Care at Lariboisière Hospital (Paris, France). The present study follows a previous cohort of 130 consecutive patients recorded from 1999 to 2006 [1] .
All 160 patients followed standardized surgical and medical procedure after admission in our ED where they were first examined by ENT surgeons. Every patient suspected of CNF underwent a cervico-thoracic CT scan at admission. The diagnosis of CNF was based on clinical and imaging signs. In case of imaging signs suggestive of CNF, appropriate antibiotherapy was started before surgery and cervical and/or mediastinal surgery was performed within 6 h after admission. Appropriate antibiotic therapy [9] consisted on ceftriaxone (2 g/day) or cefotaxime (2g 9 3/day), plus ornidazole (1.5 g/day) continued for 14 days. With the results of antibiotic susceptibility testing, if needed, ceftriaxone/cefotamime may be changed to amoxicillin; of note, ornidazole was maintained for 14 days regardless of the presence of anaerobes, because of the difficulty in identifying them. In case of CNF-related mediastinitis, the antibiotic regimen was extended for an additional 7 days.
Surgical and medical management were guided by the CT scan findings. Identifying the source allowed one to optimize the surgical treatment (e.g., tooth extraction, debridement of all necrotic and infiltrated tissue, drainage of all facia planes) and medical treatment (e.g., airway management). All patients diagnosed with CNF underwent surgery at Lariboisière Hospital. Initial cervical and/ or mediastinal surgery was always performed within 6 h after admission to the ED (100 % of patients) on the basis of the initial CT scan findings. After surgery, the patients were all admitted to the ICU for care and maintained on mechanically ventilation until the closure of the cervicotomy and/or end of the mediastinitis treatment.
Data collection
Approval for the retrospective collection of data and data analysis was provided by the Institutional Review Board of Paris North Hospitals (N°428-08 CEERB). Data collection included patient characteristics, time between symptoms and admission to the ENT emergency department at Lariboisière Hospital, medications before hospitalization, duration of mechanical ventilation, length of stay in the ICU, and the occurrence of catecholamine administration. Of note, symptoms described are those reported by ENT surgeons at presentation in the ED at Lariboisière Hospital. The severity of the disease was assessed with the Simplified Acute Physiology Score II (SAPS II) [10] . The diagnosis of CNF (based on diffuse thickening of the subcutaneous fat, cervical fascia, and cervical muscles, presence of collection, gas and/or fat infiltration), the source of the CNF, and the presence of severe CNF complication(s) [namely bilateral extension of the CNF, descending cervical necrotic effusion, jugular vein thrombosis, superior (extension of CNF limited to the area above the aortic arch) and/or inferior (below the aortic arch) mediastinitis, and hospital mortality] were evaluated [11] . The term ''severe complications'' included death and complications known to worsen morbidity and to induce death.
The initial CT scan was retrospectively reviewed by one experienced radiologist (MB), who was blinded to the surgical findings and the patient's outcome. Cervical and thoracic CT scan sections selected in this article were contrast-enhanced 64-section MDCT images, multiplanar reformations, and 3D volume rendering reconstructions (SOMATOM Sensation 64, Siemens) (see Supplementary Appendix 4).
Statistical analysis
All recorded data and results are expressed as the median and interquartile range (IQR) or counts and percentages, as appropriate. Study outcomes were CT scan characteristics of CNF source (collection, fat infiltration, gas) and cervico-thoracic complications (bilateral CNF, jugular vein thrombosis, descending necrotic effusion, and mediastinitis), and the data for each outcome were analyzed separately.
Marginal associations between single variables and each outcome were assessed with the Kruskal-Wallis test for quantitative variables and with the v 2 or Fisher's exact test for qualitative variables. The comparison of the twogroup etiologies was evaluated with the v 2 or Fisher's exact test when appropriate for qualitative variables or with the Mann-Whitney test for quantitative variables.
In the previous study, the only complication analyzed was mediastinitis [1] . The two cohorts ( [1] and this work) were merged, resulting in a cohort of 273 patients (17 duplicates were excluded). Multiple logistic regression analysis of the severe complications and mediastinitis was performed to identify a set of independent variables. Variables associated with the occurrence of mediastinitis at a level of p \ 0.15 were considered in the multiple models. A backward stepwise procedure was used for the selection of variables, with a cut-off value of p = 0.05. First-order interactions between selected variables were then tested [12] . The odds ratio and the corresponding 95 % confidence intervals (CIs) were calculated.
Statistical analysis was performed using Excel, Statview, and R statistical software. The level of significance was defined as p \ 0.05.
Results
Patient characteristics
During the 6-year period (2007-2012), 160 consecutive patients were hospitalized in the ICU for CNF. Patient characteristics and clinical data at admission are shown in Table 1 . The median age was 50 (33-64) years old, and there was a male predominance (60 %). One quarter of the CNF patients were smokers.
A total of 103 (64 %) patients were administered at least one medication before being admitted for CNF. CNF patients had been administered oral antibiotics (38 %) for a median of 5 days before admission to the hospital, oral nonsteroidal anti-inflammatory drugs (NSAIDs) (34 %) for a median of 5 days, or oral glucocorticoids (18 %) for a median of 5 days. ICU length of stay was [median (IQR)] 13 (8-19) days, and the duration of mechanical ventilation was 11 (6-16) days.
Clinical symptoms, including odynophagia, fever, and skin symptoms, started a median of 5 (3-7) days before admission. The large majority (86 %) of the CNF patients had at least two clinical symptoms present at hospital admission. SAPS II score at ICU admission was 32 (25-40), and 20 % of the CNF patients required catecholamine administration, which was discontinued in the first 24 h in most of the cases.
Source of CNF infection
Initial cervical CT scanning showed at least one sign of CNF (Table 2) , including collection in 91 % (Supplementary Fig. 2A-C) , fat infiltration in 51 % (Supplementary Fig. 2A-C) , and gas in 39 % of the cases (Supplementary Fig. 2B ). Initial cervical CT scans also allowed the assessment of the source of CNF: pharyngeal (48 %, Supplementary Fig. 2A ) and dental (29 %, Supplementary Fig. 2C, D) were the two most frequent sources of CNF. In 32 % of the CNF cases from dental origin, the CT scans revealed a dental fistula between the tooth and an oral abscess ( Supplementary Fig. 2C, D) . The other sources of CNF included gland infection such as parotitis (Supplementary Fig. 2B ). Of note, although clinical signs were independent of the source of CNF, trismus was more commonly represented in the dental CNF (43 %) than in the other sources of CNF (28 %, p = 0.022, Table 1 ). 76 (48) 46 (29) 23 (14) 15 ( In seven cases (4 %), the CT scan did not permit one to determine the source of CNF despite the additional contribution of surgical observations, whereas all complications which were found with CT scans were confirmed during surgery.
The most frequent bacteria found in necrotic tissues were Streptococcus spp., Staphylococcus spp., or anaerobic bacteria (66, 11, and 26 %, respectively) (Supplemental Appendix 1). The per-operative samples were polymicrobial in 21 % of patients (34/160). All 160 patients had an initial appropriate antibiotic therapy and no antibiotic resistance was found on initial per-operative samples.
On the basis of CT scan findings, the initial surgery was either bilateral (51 %) or unilateral cervicotomy (46 %), and was independent from the source of infection. A second surgery was needed in 33 % of cases, after a few days, mostly because of unfavorable outcome.
CNF complications
The initial cervico-thoracic CT scan allowed the diagnosis of a high incidence of severe cervical complications (48 %). These included contralateral cervical extensions in 28 % (Fig. 1a) , internal jugular vein thrombosis in 21 % (Fig. 1b) , and marked descending cervical necrotic effusion in 14 % (Fig. 1c) . Of note, neither pulmonary embolism nor cerebral vein thrombosis was observed in those patients. Mediastinitis (Fig. 1d and Supplementary  Fig. 3A-C) was detected in 38 (24 %) CNF patients, of which 30 (19 %) had superior mediastinitis and 8 (5 %) inferior mediastinitis. None of the cervical or mediastinal complications appeared during the course of ICU stay (Table 2 and Supplemental Appendix 2). Seven (4 %) patients died during their hospitalization: four died from cardiac arrest due to airway obstruction before tracheal intubation and surgery, either immediately or following two episodes of hypoxic encephalopathy; one died from septic shock and multiple organ dysfunction caused by delayed care and multiple comorbidities (day 5); one died from mesenteric ischemia (day 15); and one died from secondary pneumonia (day 25).
Severe complications of CNF were associated with increased duration of mechanical ventilation (p \ 0.01) and length of stay in the ICU (p \ 0.01) ( Table 3) . Univariate and multivariate analyses showed that the occurrence of severe complications of CNF was independently associated with oral glucocorticoid intake before admission [ Table 3 ). In contrast, NSAIDs intake before admission was not found to be associated with any complication. Of note, the merged cohort (n = 273) confirmed oral glucocorticoid intake before admission [ 
Discussion
Our study demonstrated a high incidence of severe CNF complications, already present at admission, as assessed by the initial CT scan. Glucocorticoid administration was associated with complications of CNF, challenging their use in those patients.
Early severe CNF complications
In many studies, cervical CT scanning was performed at admission for the diagnosis of CNF and to determine the source and extension of CNF. Our study demonstrated that every patient with suspected CNF should benefit from an initial cervical and thoracic CT scan given the very high incidence of severe cervical complications (48 %) and mediastinitis (24 %). Of note, the frequencies of mediastinitis and mortality in this cohort (2007) (2008) (2009) (2010) (2011) (2012) were similar to those published for the previous cohort (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) [1] . Our results also show that cervical and thoracic CT scanning was also essential for guiding immediate medical treatment of those complications (e.g., anticoagulants in the case of jugular thrombosis), airway management, and surgical procedures (e.g., large cervicotomy in the case of contralateral extension and tissue necrosis, or extraction of teeth in the case of a dental source). It is worth noting that although cervical MRI is better at detecting intralesional gas, it does not improve the medical or surgical management [13] . Hence, cervical and thoracic CT scanning appears to be an essential tool for the management of severe CNF in ICU patients.
Factors associated with severe CNF complications
Pharyngeal source and the intake of glucocorticosteroids prior to admission were associated with CNF complications in our study. Pharyngeal source was already shown to be associated with mediastinitis in our previous CNF cohort (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) [1] . This may be due to the anatomical communications (retropharyngeal and prevertebral spaces) between the pharyngeal space and the mediastinum. This study further showed that a pharyngeal source was also associated with severe cervical complications. Altogether, a pharyngeal source of CNF should be considered at high risk for any horizontal and vertical extension [OR 2.12 (1.11-4.07) p = 0.03], likely due to the absence of transverse or sagittal fascia. The present study confirmed our initial findings that one iatrogenic factor, prehospital oral glucocorticoid intake, was strongly associated with mediastinitis [1] . The present study further shows that prehospital oral glucocorticoid intake was associated with the severity of both cervical and thoracic complications of CNF. This association cannot be explained by the importance of symptoms at admission (Supplemental Appendix 3). By contrast, no association was found between CNF complications and NSAID or antibiotic treatment prior to admission. Our data on NSAID contrasts with findings that the use of NSAIDs is associated with an elevated risk of severe skin and soft tissue complications of varicella zoster virus infection, mostly in children with varicella [14] . The impact of corticosteroid therapy is still controversial in infectious disease. During some infectious disease like meningitis, steroid use is recommended [15] , whereas some studies have showed an increased risk of infectious complications [16, 17] . Altogether, these findings question the in-hospital and out-of-hospital use of glucocorticoids, and possibly NSAIDs, in the management of pharyngeal or dental infections, even when an appropriate antibiotherapy is applied.
Limitations of the study This study was monocentric, which may have led to enrolment bias. However, CNF is a rare disease, and its ICU management requires high levels of expertise in multiple areas, and our center is the only referral center for Paris and the surrounding area. As a referral center, we have likely admitted the more severe cases leading to high incidence of severe complications. Furthermore, the present cohort along with the previously described cohort [1] constitutes by far the largest ICU cohort of CNF patients (n = 273). Another limitation is the retrospective analysis of this cohort. While the data and CT scan results were recorded prospectively, the CT scans were analyzed retrospectively by a radiologist who was blinded to the ICU patient records and outcomes.
Conclusions
Our study assessed the high incidence of cervical and mediastinal complications of CNF at admission. Cervicothoracic CT scans allowed the diagnosis of those complications. Our study further confirmed that oral glucocorticoid intake prior to admission and a pharyngeal source of infection were highly associated with severe CNF complications.
